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5 



BACKGROUND OF THE INVENTION 



Field of the invention 

The present invention relates to a speaker apparatus and a sound 
reproduction apparatus; more specifically, those apparatus suitable for use in 
10 vehicles and automobiles. 

Description of the prior art 

Along with the increasing popularity of digital audio media, such as 
compact discs, mini-discs (MD), digital video discs (DVD), sound reproduction 
15 apparatus is requested to be capable enough to reproduce the wide range 
signals recorded in these media. 

Passive radiator type Kelton system, which is a combination of a 
passive radiator and a speaker unit, is a conventional way for improving the 
sound reproduction capability of a speaker apparatus in low frequency range 
20 (low range). 

A conventional speaker apparatus of passive radiator type Kelton 
system is described in the following. FIG. 22 shows an exploded perspective 
view of the conventional speaker apparatus. 



25 The passive radiator unit 1201 is mounted on a front baffle 1203, which is a 
constituent part of a speaker box. A closed front chamber 1204 couples sound 
output of the speaker unit 1202 with the passive radiator unit 1201. A 
closed rear chamber 1205 confines sound output generated from the back of 
the speaker unit 1202. The speaker unit 1202 is mounted on a sub baffle 

30 plate 1206, which separates a space into the closed front chamber 1204 and 



In FIG. 22, a speaker unit 1202 drives a passive radiator unit 1201. 



the closed rear chamber 1205. Aback plate 1207 and the front baffle 1203 
form a speaker box. 

Operation of the above-configured conventional passive radiator type 

* 

Kelton system speaker apparatus is described below. 
5 As shown in FIG. 22 , the sound reproducing output (hereinafter 

referred to as sound output) irradiated from the front of the speaker unit 1202 
mounted on the sub baffle plate 1206, which has been disposed for separating 
the closed front chamber 1204 from the closed rear chamber 1205, drives the 
passive radiator unit 1201 mounted on the front baffle 1203. The sound 

10 output is conveyed by the air within the closed front chamber 1204 formed by 
the speaker unit 1202, the front baffle 1203 and the sub baffle plate 1206. 
The passive radiator 1201 reproduces the sound. The sound output 
irradiated from the back of the speaker unit 1202 is confined in the closed rear 
chamber 1205 formed by the speaker unit 1202 , the front baffle 1203, the sub 

15 baffle plate 1206 and the back plate 1207, in order not to cause interference 
with the sound output of the passive radiator 1201. 
(ys FIG. -23-compaxes the low range reproduction characteristics, for 

demonstrating the superiority of a conventional passive radiator type Kelton 
U^s system. In FIG. *22r curve 1301 represents the frequency characteristics of 

20 output sound pressure in a closed chamber speaker system. The closed 
chamber confines the sound output generated from the back of speaker unit 
within speaker box for the purpose of preventing interference with the sound 
output generated from the front of the speaker unit. However, in a case 
where volume of the speaker box is not sufficiently large, the compliance to 

25 the speaker unit deteriorates and the capability of low range reproduction is 
Q-^ reduced as seen in FIG. Curve 1302 represents the frequency 

characteristics of output sound pressure in a phase reversion system using the 
same speaker unit and the same speaker box. In the phase reversion system, 
sound output generated from the back of a speaker unit is put to a resonance 

30 at a certain specific frequency (non-resonating frequency) through a duct to be 
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output of the speaker unit in a fluency region above the non— S 

Therefore, the imitation in .ow range reproduction „ proved. In a ^ 
,ow fluency range, however, phase of the sound output commg thr ugh he 
L is reversed relative to that of the sound reproducing output from the 
Tit of the speaker un, winch causes a canceUatton to eac o^ 
Therefore, the sound output sharply attenuates for approbate* -MdB oct 
in the very-low fluency range. So, reproduction of the heavy iow sound 
remains— i^ ^ ^ ^ ^ ^ 

character^ „ a convention^ passrve radiator type Kelton s y ste» u 
the same tvpe speaker unit and speaker ho, The passive ^ ^ 
, Kelton system can extend the hmitatton of low range reproduce, by hav,ng 
^roftLaosedchambersforn.edbypassWeradiatorunit.spea.erun.tand 

Since the sound reproduction output of passive radiator unrt and that of * 

as that of a dosed chamber system, or approximately -1MB / oct. Thus 

, «r • *w Furthermore, since diaphragm 
heavy low sound is reproduced sufficxently. Furthermo 

x u + Q i„ * freauency region ahove a certain 
of passive radiator does not vibrate in a frequency g 

when a speaker unit vibrates, it provides a superior 
specific frequency even when a speaker un 

25 band pass characteristic as a low range speaker apparatus. 

As described above , the conventional passive radiator type Kelton 
syst em offers both of the advantages; vi, it is capable of reproducin . ^ 
L sound , which being the advantage of a closed chamber system, and it can 
Itended the limitation of low range reproduction, which being the advanta, 

tw the low range reproduction capability has 
30 of a phase reversion system. Thus the low ra g 
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been improved. 

However, the conventional passive radiator type Kelton system 
speaker apparatus has a unique and complicated structure of separating the 
inside of a speaker box a closed front chamber and a closed rear chamber 

5 using a sub baffle plate. Therefore, it is difficult for the speaker box to take a 
slim contour. Furthermore, since a speaker unit is totally housed within a 
speaker apparatus, it has a poor heat dissipation characteristic, which results 
in a poor withstanding capability against high inputs. 

Furthermore, since a speaker unit, or the source of vibration, has been 

10 fixed on a sub baffle plate, unwanted vibration of the sub baffle plate causes 
abnormal sound generation. Thus, it is difficult for the conventional 
structure to implement a speaker box in small overall dimensions. 

SUMMARY OF THE INVENTION 
15 A speaker apparatus of the present invention comprises 

a speaker unit, 

a passive radiator unit formed of an edge, a damper and a diaphragm, 
a front baffle on which the speaker unit and the passive radiator unit 

are mounted, which front baffle being a constituent part of a speaker box, and 
20 a back plate; wherein 

a closed front chamber is provided by the front baffle for coupling 

sound output generated from the back of the speaker unit with the passive 

radiator unit, and 

a closed rear chamber is provided by the front baffle and the back 
25 plate for confining sound output generated from the front of the speaker unit. 
The speaker unit is disposed in directions opposite (reverse) to the passive 
radiator unit, or in a state of approximately opposite direction to the passive 
radiator unit. 

The opposite(reverse) direction means here that a speaker unit is 
30 disposed with its front face towards inside of a speaker box. 
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A speaker apparatus of the present invention features in that the 
closed front chamber is formed by simply mounting a speaker unit and a 
passive radiator unit direct on a front baffle; therefore, the sub baffle plate, 
which conventionally was indispensable, has been eliminated to a simplified 
5 structure. This at the same time contributes to down-size a speaker 
apparatus, also to enhance the rigidity, which leads to a decreased possibility 
of abnormal sound generation. 

Another example of speaker apparatus in accordance with the present 
invention is provided with an opening in the front baffle, for exposing the 
10 plate portion of speaker unit to the outside. 

In the structure, where the plate portion of speaker unit is exposed to 
the outside, a speaker apparatus can be implemented in a flat contour, and an 
improved heat dissipation property contributes to improve the withstanding 
capability against high level input signals. 

15 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows an exploded perspective view of a sound reproduction 
apparatus in a first exemplary embodiment of the present invention. 

FIG! Clshows an exploded perspective view showing another example 
20 of sound reproduction apparatus in a first exemplary embodiment of the 
present invention. 

FIG. 3 shows an exploded perspective view showing still other 
example of sound reproduction apparatus in a first exemplary embodiment of 
the present invention. 
25 FIG/4A shows a perspective view showing another example of passive 

radiator unit in a sound reproduction apparatus of the first exemplary 
embodiment. 

FIG. 4B shows a cross sectional view of a passive radiator unit in a 
sound reproduction apparatus of the first exemplary embodiment. 
30 FIG. 5 shows a perspective view of a front baffle in a sound 



reproduction apparatus of the first exemplary embodiment. 

FIG. 6 shows a perspective view as seen from the inside of front baffle 
in a sound reproduction apparatus of the first exemplary embodiment. 

FIG. 7 shows an exploded perspective view showing another example 
5 of sound reproduction apparatus in the first exemplary embodiment of the 
present invention. 

FIG. 8 shows an exploded perspective view showing still other 
example of sound reproduction apparatus in the first exemplary embodiment. 

FIG. 9 shows a block diagram showing a sound reproduction 
10 apparatus in the first exemplary embodiment of the present invention, further 
provided with a sound feedback control that uses a microphone. 

FIG. 10 shows a system diagram of a sound reproduction apparatus in 
the first exemplary embodiment of the present invention, in a state where it is 
used exclusively for low range sound reproduction. 
QiJ 15 FIG. 11>\ shows a characteristics chart showing the level of unwanted 

vibration in the sound reproduction apparatus of the first exemplary 
embodiment. ^ 

§J FIG. Hip shows a characteristics chart showing the level of unwanted 

vibration in a conventional passive radiator type Kelton system speaker 
20 apparatus. 

FIG. 12 shows an exploded perspective view of a speaker apparatus in 
a second exemplary e mbodiment of the p resent inven tion, 

FIG. 13 shows a cross sectional view showing a speaker apparatus in 
the second exemplary embodiment. 
25 FIG. 14 shows an exploded perspective view showing another example 

of speaker apparatus in the second exemplary embodiment. 

FIG. 15 shows an exploded perspective view showing still other 
example of speaker apparatus in the second exemplary embodiment. 

FIG. 16 shows a cross sectional view showing a speaker apparatus in 
30 the second exemplary embodiment. 



FIG. 17 shows an exploded perspective view showing another example 
of speaker apparatus in the second exemplary embodiment. 

FIG. 18 shows a cross sectional view showing another speaker 
apparatus in the second exemplary embodiment. 

FIG. 19 shows a perspective view of a speaker unit in the second 
exemplary embodiment. 

FIG. 20 shows a perspective view of a speaker unit in the second 

exemplary embodiment. 

FIG. 21 shows a comparative chart showing the saturation 
temperature in the plate portion of speaker unit, between a speaker 
apparatus in the second exemplary embodiment of the present invention and 
a conventional passive radiator type Kelton system speaker apparatus. 

FIG. 22 shows an exploded perspective view of a conventional passive 
radiator type Kelton system speaker apparatus. 

FIG. 23 shows a comparative chart showing the low range sound 
reproduction characteristics in a conventional passive radiator type Kelton 
system speaker apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

Exemplary embodiments of the present invention are described in the 
following with reference to the drawings. 

First Embodiment , 

FIG. 1 is an exploded perspective view showing a first example of 
speaker apparatus in a first exemplary embodiment of the present invention. 
In FIG. 1, a speaker unit 102 is connected with sound output signal delivered 
from a power amplifier 101. A passive radiator diaphragm 103 is provided 
with an edge and a damper to form a passive radiator unit. The speaker unit 
102 and the passive radiator diaphragm 103 are mounted on a front baffle 104, 
which is forming a constituent part of a speaker box. A back plate 105 and 
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the front baffle 104 constitute the speaker box. A closed front chamber 106, 
which is formed by the speaker unit 102, the passive radiator diaphragm 103 
and the front baffle 104, couples sound output generated from the back of the 
speaker unit 102 with the passive radiator diaphragm 103. A closed rear 
5 chamber 107, which is formed by the speaker unit 102, the front baffle 104 
and the back plate 105, confines sound output generated from the front of the 
speaker unit 102. The speaker unit 102 is disposed in a reverse direction, or 
in an approximately reverse direction, relative to the passive radiator unit. 
The speaker apparatus is thus formed. 
10 FIG. 2 is an exploded perspective view of a second example of speaker 

apparatus in the present embodiment 1. The difference with the first 
example is that the second example is provided with an auxiliary baffle 207, 
which is attached to the front face of front baffle 204 for forming, in 
collaboration with speaker unit 202, passive radiator diaphragm 203 and 
15 front baffle 204, a closed front chamber 206. 

FIG. 3 is an exploded perspective view of a third example of speaker 
apparatus in the present embodiment 1. The difference with the first 
example is that in the third example a passive radiator unit 303 is mounted 
on a closed-back frame that has an opening only in one direction. 
20 FIG. 4A and 4B shows a perspective view and a cross sectional view of 

an example of the passive radiator diaphragm 103 mounted with an edge and 
a damper, in a speaker apparatus of the present embodiment 1. In FIG. 4B, 
a passive radiator unit comprises a diaphragm 401 and an edge 402. The 
edge 402 consists of a central portion that covers surface of the diaphragm 401 
25 and a circumference portion for supporting the diaphragm 401 onto the front 
baffle or to the unique-shaped frame. A thick portion corresponding to the 
central portion of the diaphragm 401 and the circumference portion are 
shaped integrally as a single-body component. The edge 402 is shaped to an 
up-roll form relative to the passive radiator diaphragm. 
30 FIG. 5 is a perspective view showing the front baffle 104 of the first 



example. In FIG. 5, an opening 501 connects a .pace between the speaker 
umt 102 and the passive radtator diaphragm 108. in the dosed front chancer 
10 6. Theopenareaoftheopening501isprovidedtobenotlessthan30 * of 
an effective area of diaphragm of the speaker unit 102. 

FIG. 6 is a perspective view seen from the inside of the front baffle 10 
0 , the first example. In FIG. 6, the edge portion of the opening 501, which 
connects the space between the speaker unit 102 and the passive — r 
diaphragm 103 in the Cosed front chamber, has been chamfered, or round- 
cornered, to provide a non-angled surface C01. A semi-circie or arc.hap 
10 holder 602 is provided integral at the vicinity of the operang 501 
supporting the damper of passive radiator umt. 

FIG 7 is an exploded perspective view showing a speaker apparatus of 
a fourth examp.e. The difference with the first exam pl e is that in the fourth 
example a diffuser 701 is provided attached to the front baffle 104. The 
15 diffuser 701 is disposed at approximately 5 ■ 20 mm from the front surface o 
the passive radiator diaphragm 103, and is provided with a sound opemng 702 
m . directton that is perpend.cular to the direction of sound radmtton from 
the passive radiator. The dfffuser shifts the direction of sound outpu 
generated from the passive radmtor to a direction that ts perpendicular to 
20 direction of sound radiated from the passive radiator. 

FIG 8 is an exploded perspective view showing a speaker apparatus of 
a fifth example. In FIG. 8, the front baffle 104 is provided with a heat 
dissipation slits 802 at a region making contact with bottom plate 80 of the 
speaker unit 102 for allowmg the speaker unit 102 to make heat radmUon. A 
25 sling matenal 803 is provided in order to prevent the an- wrtmn the closed 
front chamber 106 from leaking out. 

„0 9 is an block diagram of a sound reproduce apparatu^ 
comprising a speaker apparatus of the present embodiment and a sound 
feedback control system that uses a microphone. In FIG. 9 sound output 
30 generated from the speaker unit 102, or the passive radiator dmphragm 103, 
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is detected by a microphone 902, and electric signals delivered from the 
microphone are amplified by a microphone amplifier iter- Output signal 
from the microphone amplifier 903 is led to a differential amplifier 901 to 
undergo a subtraction processing for sound feedback control. Thus the sound 
5 feedback control is performed to make a correction in accordance with 
ambient noise; which provides a premium advantage to the apparatus as a 
low range sound reproduction apparatus. The present apparatus can 
suppress an increase in the quality factors caused as a result of down-sizing of 
a speaker apparatus. At the same time, the transient characteristics of a 
10 speaker apparatus may be improved. The present sound reproduction 
apparatus uses a speaker apparatus referred to in FIG. 1 through FIG. 9. 

FIG. 10 is a system diagram showing an exemplary case where a 
speaker apparatus in the present embodiment is used for a sound 
' reproduction apparatus exclusive for the low range reproduction. In FIG. 10, 
15 a speaker apparatus in the present embodiment is used for the low range 
sound reproduction apparatus 1001. A sound source apparatus 1003 is 
comprises a compact disc player, a cassette tape player, a tuner or the like 
sound source devices 103a, a voltage amplifier 1003b and a power amplifier 
1003c. The sound signal input to the speaker apparatus 1001 is reverse- 
20 phased relative to sound signal input to a full-range speaker apparatus 1002, 
which reproduces mainly the middle and high range sounds. With the above 
combination, the phase interrelationship can be optimized between the full- 
range speaker apparatus 1002 and the speaker apparatus 1001. 

FIG. 11 compares level of the unwanted vibration between a speaker 
25 apparatus in the present embodiment and a conventional passive radiator 
type Kelton system speaker apparatus. It is seen that the level of unwanted 
vibration 1101 at the front baffle 104 of the speaker apparatus in the present 
embodiment is lower than the level of unwanted vibration 1102 at the front 
baffle 1203 of the conventional passive radiator type Kelton system speaker 
30 apparatus. 
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Operation of the above-configured speaker apparatus is described 



below. 



In the speaker apparatus shown in FIG. 1, sound signals amplified at 
the power amplifier 101 are delivered to the speaker unit 102 to be converted 
5 into sound output. Sound output generated from the back of the speaker umt 
102 is conveyed to the passive radrator diaphragm 103 via the air enclosed m 
the closed front chamber 106 which has been formed by the speaker umt 102, 
the passive radiator diaphragm 103 and the front baffle 104. The passive 
radiator diaphragm 103 generates actual sound output. The sub baffle plate, 
10 which is an indispensable item in the conventional speaker apparatus, has 
been eliminated in the present embodiment and the structures have been 
simplified. The simplified total structure contributes to reduce the overall 
dimensions of a speaker apparatus. 

Furthermore, as shown in FIG. 11, the conventional passive radiator 
15 type Kelton system sound reproduction apparatus has a greater unwanted 
vibration at the front baffle 1203, which comes from unwanted vibratron of 
sub baffle plate 1206. Whereas, a speaker apparatus of the present 
embodiment, in which the sub baffle plate has been eliminated, has a lugh 
rigidity and the level of unwanted vibration at the front baffle 104 rs 
20 significantly low. Therefore, the chance of abnormal sound generate » 

substantially reduced. 

Furthermore , in a speaker apparatus of the present embodxment, 
sound output generated from the front of the speaker unit 102 is confined » 
the closed rear chamber 107 formed by the speaker unit 102, the front baffle 
25 104 and the back plate 105 in order that the sound output from the front of the 
speaker umt 102 does not make interference with the sound output of the 

passive radiator diaphragm 103. 

Referring to FIG. 2, sound signals amplified at the power amphfier 
201 are delivered to a speaker unit 202 to be converted into sound output. 
30 Sound output generated from the back of the speaker unit 202 is conveyed to a 
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passive radiator diaphragm 203 via the air enclosed in a closed front chamber 
206 which has been formed by the speaker unit 202 , the passive radiator 
diaphragm 203, an auxiliary baffle 207 and a front baffle 204. The passive 
radiator diaphragm 203 generates actual sound. Thus, the sub baffle plate, 
which is an indispensable item in the conventional speaker apparatus, has 
been eliminated and the structures have been simplified. Effectiveness of 
the present invention remains also here the same as that shown in FIG. 1. 

The sound output generated from the front of the speaker unit 202 is 
confined in a closed rear chamber 208 formed by the speaker unit 202 , the 
front baffle 204 and a back plate 205 in order that the sound output generated 
from the front of the speaker unit 202 does not make interference with the 
sound output of the passive radiator diaphragm 203. 

Referring to FIG. 3, sound signals amplified at a power amplifier 301 
are delivered to a speaker unit 302 to be converted into sound output. Sound 
output generated from the back of the speaker unit 302 is conveyed to the 
passive radiator diaphragm 303 via the air enclosed in a closed front chamber 
306 which has been formed by the speaker unit 302, the passive radiator 
diaphragm 303 and a front baffle 304. The passive radiator diaphragm 303 
generates actual sound. Effectiveness of the present invention remains also 
here the same as that shown in FIG. 1. 

Sound output generated from the front of the speaker unit 302 is 
confined in a closed rear chamber 307 formed by the speaker unit 302 , the 
passive radiator diaphragm 303, the front baffle 304 and the back plate 205 in 
order that the sound output from the front of the speaker unit 302 does not 
make interference with the sound output of the passive radiator diaphragm 
303. 

The configuration as shown in FIG. 4 reduces generation of unwanted 
middle/high sounds due to resonance of a passive radiator diaphragm 401, or 
other factors. Use of an up-roll type edge 402 contributes to reduce the 
chance of abnormal sound generation, which is caused by the edge 402 blown 
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by the high speed transfer of the air within the closed front chamber 106. 

Referring to FIG. 5, the area of opening 501 connecting the space 
between the speaker unit 102 and the passive radiator diaphragm 103 in the 
closed front chamber 106 is made to be not less than 30 % of an effective area 
5 of diaphragm of the speaker unit 102. By so doing, the wind-shearing noise 
at the opening 501 can be reduced, and the abnormal sound generate in a 
speaker apparatus may be avoided. 

The configuration as shown in FIG. 6 is effective to reduce the 
possibility of abnormal sound generation that can occur when a pulse-like 
10 transient sound signal is delivered to. The abnormal sound is generated as a 
result of instantaneous movement of the air in the closed front chamber 106, 
from the speaker unit 102 side to the passive radiator diaphragm 103 side. 
The abnormal sound can be reduced by chamfering the edge or rounding the 
angled corners of the opening. A semi-circle or arc-shape holder 602 for 
15 supporting the damper of passive radiator unit may be provided integrally at 
the vicinity of the opening 501; this contributes to secure a sufficiently large 

area for the opening 501. 

Referring to FIG. 7, a diffuser 701 is disposed at approximately 5 - 20 
mm from the front surface of the passive radiator diaphragm 103. The 
20 diffuser is provided with a sound opening in a direction perpendicular to the 
direction of the sound radiated from diaphragm 103. The diffuser shifts 
direction of the sound output generated from the diaphragm 103. So, when 
the speaker apparatus is installed under an automobile seat, for example, it 
reproduces a superior quality sound without affecting the seat by unpleasant 
25 vibration. 

The configuration as shown in FIG. 8 improves heat radiation of a 
speaker unit 102 without sacrificing superior acoustic characteristics, even 
when it is mounted in a small speaker apparatus, in which the heat 
dissipating environments are adverse for a speaker unit. This contributes to 
30 improve the withstanding property of a speaker apparatus against high 
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inputs. 

The system structure as shown in FIG. 9 provides a speaker unit with 
a servo effect. This improves the transient characteristics of a speaker 
apparatus, which have remained as an item that needs improvement with the 
5 passive radiator type Kelton system, among other systems. At the same time, 
increase in the quality factors, which is often accompanied as a result of down 
sizing of a speaker apparatus, can be curtailed. 

Second Embodiment 

10 FIG. 12 and FIG. 13 are an exploded perspective view and a cross 

sectional view, respectively, showing a first example of speaker apparatus in a 
(y second exemplary embodiment of the present invention. In FIG.^and FIG. 
Qj $ sound output signal of a power amplifier 2101 is delivered to a speaker unit 
2102. The speaker unit 2102 and a passive radiator unit 2103 are mounted 
15 on a front baffle 2104, which forming a constituent part of a speaker box. 
The front baffle 2104 is provided with an opening 2104a for exposing a plate 
portion 2108 of the speaker unit 2102. A back plate 2105 and the front baffle 
2104 constitute the speaker box. 

A closed front chamber 2106, which is formed by the speaker unit 
20 2102 , the passive radiator unit 2103, the front baffle 2104 and a cushion 
2109a attached to a magnet portion 2109 of the speaker unit 2102, couples 
sound output generated from the back of the speaker unit 2102 with the 
passive radiator unit 2103. A closed rear chamber 2107, which is formed by 
the speaker unit 2102, the front baffle 2104 and the back plate 2105, confines 
25 sound output generated from the front of the speaker unit 2102. Also in the 
present embodiment 2, the speaker unit 2102 is disposed in a reverse 
direction relative to the passive radiator unit 2103 to constitute a passive 
radiator type Kelton system speaker apparatus. 

Operation of the above-configured speaker apparatus in the present 
30 embodiment 2 is described below. 
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In the speaker apparatus as shown in FIG. 12 and FIG. 13, sound 
signals from a sound source are amplified at the power amplifier 2101. The 
sound signals amplified at the power amplifier 2101 are delivered to the 
speaker unit 2102 to be converted into sound output. Sound output 
generated from the back of the speaker unit 2102 is conveyed to the passive 
radiator unit 2103 via the air enclosed in the closed front chamber 2106. The 
passive radiator unit 2103 generates actual sound. Thus, a sub baffle plate, 
which is an indispensable item in the conventional speaker apparatus, has 
been eliminated to a simplified structure. Furthermore, in the present 
embodiment 2, the plate portion 2108 of the speaker unit 2102 is exposed to 
the outside aiming to make contour of a speaker apparatus slim and to 
improve the heat dissipating characteristic. In the structure of the present 
embodiment, the withstanding capability against high inputs can be 
enhanced. 

15 FIG. 21 compares the saturation temperature; satura^ntemperature 

0lx curve 1002 represents the speaker unit 2102 in " o rname n t . l*at the plate 
portion 2108, while saturation temperature curve 1001 represents the 
^ speaker unit^el^f the conventional passive radiator type Kelton system 
speaker apparatus at the plate portion. The comparison shows the 
20 temperature of the plate portion is maintained lower in a speaker apparatus 

of the present embodiment 2. 

In the conventional passive radiator type Kelton system speaker 
apparatus, where a speaker unit is completely housed within the speaker 
apparatus, the heat dissipation characteristic is poor and the withstanding 

25 capability against high inputs is low. Whereas in a speaker apparatus of the 
present embodiment, plate portion of a speaker unit is exposed to the outside; 
hence, the heat dissipation characteristic is significantly improved. Thus the 
withstanding capability against high inputs is improved. 

FIG. 14 is an exploded perspective view of a second example of speaker 

30 apparatus in the present embodiment. The difference with the first example 
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is that a speaker unit 2301 used in this example has a small frame margin. 
The speaker unit 2301 is mounted on the front baffle 2104 using a sealing 
panel 2305. 

The closed front chamber is formed by the speaker unit 2301, the 
5 passive radiator unit 2103, the front baffle 2104, the sealing panel 2305 and a 
cushion attached to magnet portion 2309 of the speaker unit 2301. 

Sound output generated from the back of the speaker unit 2301 is 
conveyed to the passive radiator unit 2103 via the air sealed within the closed 
front chamber. The actual sound output is generated from the passive 

0 radiator unit 2103. 

As described above , even in a case where the frame margin of the 
speaker unit 2301 is small and it is difficult to form a closed front chamber by 
simply mounting the speaker unit 2301 and the passive radiator unit 2103 on 
the front baffle 2104, the sealing panel 2305 enables formation of a closed 
15 front chamber. As a result, the structure of a speaker apparatus can be 
simplified. ^- — 

S FIG. i4-and FIG. 16 show an exploded perspective view and a cross 

sectional view, respectively, of a third example of speaker apparatus in 
accordance with the present embodiment. The difference with the first 
20 example is that the present speaker apparatus uses a front baffle 2402 Aat^ 
not attached with the passive radiator unit 2103. The speaker unit-4Q3-is 
mounted on the front baffle 2402 in a reverse direction. 

Sound output generated from the front of the speaker unit 2102 is 
confined by the speaker unit 2102 , the front baffle 2402 and a back plate 2403. 
Sound output generated from the back of the speaker unit 2102 is sealed by a 
cushion 2109a attached to magnet 2109 of the speaker unit 2102, and the 
sound output is obtained through an acoustic opening 4&2B provided in the 
front baffle 2402. Plate portion 2108 of the speaker unit 2102 may be 
exposed to the outside through an opening 2402a of the front baffle 2402; this 
configuration contributes to make the contour of a speaker apparatus slim 
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and to increase the heat dissipation, resulting in an improved withstanding 
capability against high inputs. In the present embodiment, description has 
been made based on a structure where the plate portion 2108 is attached to 
0^ the opening the front baffle 2402 and an acoustic opening 402b is 

5 provided in the front baffle 2402, with the front of the speaker unit 2102 
closed. However , another configuration may also be considered where actual 
sound is reproduced by making use of the sound output generated from the 
front of the speaker unit; namely, forming a speaker box by attaching the front 
of speaker unit to an opening of front baffle, attaching the plate portion to an 
10 opening of the back plate, and closing it with the speaker unit, the front baffle 

and the back plate. 

FIG. 17 and FIG. 18 show an exploded perspective view and a cross 
sectional view, respectively, of a fourth example of speaker apparatus in 
accordance with the present embodiment. The difference with the first 
15 example of the present embodiment is that the fourth example uses a front 
baffle 2503 that is provided with a port 2502. The speaker unit 2102 is 
mounted on the front baffle 2503 in a reverse direction, and sound output 
generated from the front of the speaker unit 2102 resonates in a space formed 
with the speaker unit 2102 , the front baffle 2503, a back plate 2504 and the 
20 port 2502, and the resonance sound output is radiated through the port 2502. 
At the same time, sound output generated from the back of the speaker unit 
2102 is radiated via an acoustic opening 2503b provided in the front baffle 
2503. Plate portion 2108 of the speaker unit 2102 can be exposed to the 
outside through an opening 2503a. This configuration contributes to make 
25 the contour of a speaker apparatus slim and to enhance the heat dissipation 
for an improved withstanding property against high inputs. In the present 
embodiment, description has been made based on a structure where the plate 
portion 2108 is attached to the opening 2503a of the front baffle 2503 , an 
acoustic opening 2503b is provided in the front baffle 2503, and the space 
30 formed by the speaker unit 2102, the front baffle 2503 and a back plate 2504 
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is provided with the a port 2502. However, another configuration may also 
be considered where the front of the speaker unit is attached to an opening of 
the front baffle and the plate portion is attached to an opening of the back 
plate , wherein the sound output generated from the front of the speaker unit 
5 is reproduced into actual sound, while the sound output generated from the 
back of the speaker unit is reproduced through the port attached to the space 
surrounded by the speaker unit, the front baffle and the back plate. 

FIG. 19 is a perspective view of an example of speaker umt used in a 
speaker apparatus in accordance with the present embodiment. The 
10 difference with the speaker unit 2102 used in the first example of the present 
embodiment is that the surface of plate portion 2108 is provided with an 
uneven surface 2601, which functioning as a heat sink. When a speaker unit 
of the present configuration is mounted on the front baffle, the uneven surface 
2601 is exposed to the outside, resulting in a further enhanced heat 
15 dissipation. 

FIG. 20 is a perspective view of another example of speaker unit. The 
present speaker unit features in that the plate portion 2108 is provided with a 
heat radiation fin 2702. In the same way as in the speaker unit of FIG. 19, 
the heat radiation fin 2702 is exposed to the outside, and the heat dissipafcon 

20 is further improved. 

It goes without saying that the same sound feedback control with a 
xnicrophone as in the first embodiment may be applied also in a speaker 
apparatus of the present embodiment. 

A speaker apparatus in accordance with the present second 
25 embodiment can be used exclusively for low range sound reproduction. 

As described in the foregoing, the sub baffle plate, which being an 
indispensable item in the conventional passive radiator type Kelton system 
speaker apparatus, is eliminated in accordance with the present inventxon. 
30 This leads to a simplified overall structure, and additional advantages are 
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also provided, that the size of a speaker apparatus can be made smaller and 
the abnormal sound generation due to unwanted vibration can be reduced. 

Furthermore, the configuration of exposing the plate portion of 
speaker unit to the outside contributes to making a speaker apparatus slim 
5 and to enhancing the heat dissipation, which results in an improved 
withstanding capability against high inputs. Also in the closed chamber 
speaker apparatus and in the phase reversing speaker apparatus, the above 
configuration of exposing the plate portion of speaker unit to the outside 
contributes to making a speaker apparatus slim and to improving the high 
10 inputs withstanding capability through an enhanced heat dissipation. 



